An immunohistochemical staining technique (IHC) was developed to detect avian pneumovirus (APV) antigen in formalin-fixed, paraffin-embedded tissue sections using streptavidin-biotin immunoperoxidase staining. Samples of nasal turbinates and infraorbital sinuses were collected from 4-week-old poults experimentally inoculated with APV and from older turkeys infected during naturally occurring outbreaks of avian pneumovirus. Tissue was fixed in 10% buffered neutral formalin, embedded in paraffin, sectioned and stained. Inflammatory changes were observed microscopically in the mucosa and submucosa of the nasal turbinates and infraorbital sinuses of both experimentally inoculated poults and naturally infected birds. Viral antigen was detected by IHC in the ciliated epithelial cells of nasal turbinates and infraorbital sinuses.
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Abstract. An immunohistochemical staining technique (IHC) was developed to detect avian pneumovirus (APV) antigen in formalin-fixed, paraffin-embedded tissue sections using streptavidin-biotin immunoperoxidase staining. Samples of nasal turbinates and infraorbital sinuses were collected from 4-week-old poults experimentally inoculated with APV and from older turkeys infected during naturally occurring outbreaks of avian pneumovirus. Tissue was fixed in 10% buffered neutral formalin, embedded in paraffin, sectioned and stained. Inflammatory changes were observed microscopically in the mucosa and submucosa of the nasal turbinates and infraorbital sinuses of both experimentally inoculated poults and naturally infected birds. Viral antigen was detected by IHC in the ciliated epithelial cells of nasal turbinates and infraorbital sinuses.
Avian pneumovirus (APV) is a worldwide respiratory disease agent that has recently been identified in the USA. In 1996, a highly contagious respiratory disease of turkeys appeared in Colorado and an APV was subsequently isolated at National Veterinary Services Laboratory (Ames, IA). 12 In 1997, serological evidence of APV was discovered in central Minnesota, where it spread rapidly among flocks of susceptible turkeys. APV infection has been diagnosed by detecting antibodies in serum using enzyme-linked immunosorbent assay (ELISA) 1 or by detection of virus in respiratory tissues using reverse transcriptase-polymerase chain reaction (RT-PCR) 4 and virus isolation (VI).
The purpose of this study was to develop an immunohistochemical staining procedure using polyclonal antibodies to detect APV antigen in formalin-fixed, paraffin-embedded histological specimens from both naturally and experimentally infected turkeys. Researchers have used immunohistochemical techniques (IHC) to detect viral antigens in fixed avian tissues. The technique has been used successfully to detect fowl pox, 13 Newcastle disease, 11 turkey rhinotracheitis virus (TRT), 8 infectious bronchitis, 9 infectious bursal disease, 3 and hemorrhagic enteritis virus. 6 Using the streptavidin-biotin-peroxidase complex staining technique allows correlation of antigen location with pathologic microscopic changes in tissues. 3
Materials and methods
Virus. The virus stock used in this study was APV/Minnesota/turkey/2a/97. 2, 7 The titer of the inoculum was 10 6.3 TCID 50 /ml. 10 Virus purification. Cell culture fluid containing the virus was clarified by centrifugation at 3,000 ϫ g for 30 min. a The supernatant was collected and subjected to ultracentrifugation at 75,000 ϫ g for 120 min. b The resulting pellet was suspended in 0.5 ml of phosphate-buffered saline (PBS) and layered on a step gradient comprised of 55% sucrose and 30% sucrose then centrifuged at 75,000 ϫ g for 120 min. b Following centrifugation the fraction containing a visible band was collected. The virus was concentrated by recentrifugation at 75,000 ϫ g for 60 min. b The pellet was suspended in 2.5 ml of PBS and kept at Ϫ70 C. The protein concentration of the purified virus was 350 g/ml using a detergent-compatible protein assay. c Antiserum. A female white rabbit was used to produce polyclonal anti-APV antibody. Prior to immunization, blood was collected from the marginal ear vein and the resultant serum was used as a negative control antibody. Initially, equal volumes of sucrose gradient purified APV and Freund complete oil adjuvant were mixed, and the rabbit was injected subcutaneously with 2 ml of the mixture into each of 4 sites along the right side of the dorsal midline. Subcutaneous injections of 1 ml of APV antigen emulsified in Freund incomplete oil adjuvant were administered at 3, 7, and 11 wk after the initial inoculation. Ten to 20 ml of blood was collected weekly from the marginal ear vein of the rabbit beginning at 5 wk and continuing through 12 wk after the initial inoculation. The rabbit was euthanized 12 wk after the initial injection, and the serum antibody level was determined by ELISA. 1 Infection and sample collection. Sixteen 4-wk-old turkey poults were inoculated with infected cell culture fluid via the conjunctival space and nostril. Eight other poults were inoculated with noninfected cell culture fluid as controls. Four inoculated poults and 2 controls were euthanized at 2-day intervals. Three turkeys from each of 3 naturally occurring field cases of APV were euthanized between 1 and 3 days after onset of clinical signs.
Nasal turbinates were collected from each bird, pooled, and homogenized in 5-ml volumes of veal infusion broth d containing 100 units of penicillin G, 100 mg of streptomy-cin, and 0.25 mg of amphotericin B. The homogenate was centrifuged at 3,000 ϫ g for 10 min, and portions of the supernatants were used for RT-PCR and VI in Vero cell culture. Sinus swabs were collected from each bird, pooled in tubes with 1 ml of veal infusion broth, and tested for the presence of APV using RT-PCR and VI in Vero cell culture.
Sections of nasal turbinates and infraorbital sinuses were fixed in 10% buffered neutral formalin for 24-36 hr. The tissues were then embedded in paraffin, sectioned at 3-4 m, and stained with hematoxylin and eosin (HE). Serial sections of each tissue were stained for IHC.
RT-PCR. RNA was extracted from the supernatants of nasal turbinate homogenates and swabs from infraorbital sinuses and assayed using fusion gene-based RT-PCR. A specific PCR assay has been developed at the University of Minnesota for the detecting US APV in clinical samples and has been adapted to the 5Ј-nuclease (TaqMan) assay format. 5 The ability of the TaqMan assay to detect US APV nucleic acid was based on the detection of a sequence-specific template through the inclusion of a fluorogenic labeled probe during PCR. The primers (2F and 2R) specifically amplified a region of 280 bp in the US APV but did not detect TRT virus strains. 4 VI. APV isolation was attempted in Vero cell cultures using standard techniques. 7 VI was attempted by blind passage of 0.5 ml of the supernatant of tissue homogenate in 4.5 ml of medium placed into monolayers of Vero cells culture. The cell culture medium consisted of minimal essential medium containing 1% fetal bovine serum, 0.1 mM nonessential amino acids, 2 mM L-glutamine, 100 units/ml penicillin, and 100 /ml of streptomycin. The inoculated cultures were incubated at 37 C in 5% CO 2 for 2-3 hr, and then the inoculum was removed and fresh medium was applied. The flasks were examined daily for appearance of cytopathic effect (CPE). The cell cultures were frozen and thawed after 3-4 days of incubation and centrifuged at 3,000 ϫ g for 10 min, and then 1.5 ml of the supernatants in 4.5 ml of fresh medium was inoculated into new Vero cell monolayers. If CPE was not observed after 6 blind passages, the sample was considered negative.
IHC. Serial 3-4-m sections from each paraffin block were mounted on slides and allowed to dry overnight. The sections were deparaffinized in 4 changes of HemoDe solvent e for 3 min each, rehydrated in a graded series of ethanol solutions (100%, 95%, 70%, 50%), and finally washed with deionized water. The deparaffinized sections were then placed in a plastic Coplin jar containing 0.01 M sodium citrate buffer (pH 6.0) and microwaved for 2 5-min periods, followed by cooling to room temperature for 20 min, to unmask the antigens. Following 5 min of washing in 0.05 M Tris-buffered saline (TBS) solution (pH 7.6) containing 0.05% Tween 20 (TTBS), the slides were placed in an autostainer f for the remainder of the immunostaining procedure. All steps were done at room temperature. The sections were first incubated in 3% hydrogen peroxide for 15 min to quench endogenous peroxidase. After a brief wash of TTBS, nonspecific binding was blocked by bathing in normal goat serum (1:10 dilution in TBS) for 10 min. The tissues were then incubated with hyperimmune rabbit anti-APV antibody (1:3,200 dilution in TBS) for 30 min. After a brief wash with TTBS, the slides were incubated with biotinylated secondary antibody (goat anti-rabbit IgG) f for 15 min. After a last wash in TTBS, the slides were incubated with streptavidin-biotin-horseradish peroxidase f for 15 min. Slides were then rinsed with distilled water and incubated with 3-amino-9-ethylcarbazole-peroxidase chromogen for 10 min. After a final rinse with distilled water to stop the staining process, slides were removed from the autostainer. Sections were counterstained with Mayer hematoxylin for 3 min followed by a 5-min rinse in running tap water and were mounted with glycerol water-soluble mounting medium for microscopic evaluation. Known APV-positive tissue was included in each batch of sections as a positive control. Negative controls were slides from APV-infected tissues that were subjected to the same staining procedure as the others except that normal rabbit serum was used in place of the hyperimmune rabbit anti-APV antibody.
Results
Microscopically, there were moderate numbers of lymphocytes and macrophages infiltrating the mucosa and submucosa of the nasal turbinates and infraorbital sinuses (Fig. 1A) . Excessive amounts of mucus were present in the lumina of the nasal cavities in experimentally inoculated poults. No significant microscopic changes were seen in controls. More severe inflammation was evident in the mucosa and submucosa of the nasal turbinates and infraorbital sinuses of poults from naturally occurring cases of APV infection, and there was excessive mucus in the lumina of the nasal cavities. In these cases, many lymphocytes, macrophages, and heterophils infiltrated the mucosa and submucosa of the nasal turbinates and infraorbital sinuses.
APV antigen was detected by identification of the red-brown material produced by the staining reaction in ciliated epithelial cells of the nasal turbinates and infraorbital sinuses of experimentally and naturally infected poults ( Table 1) . No staining was detected in tissues of negative control sections. The antigen was located in the apical portions of the ciliated epithelial cells, but occasionally diffuse cytoplasmic immunostaining was observed in the epithelial mucosal cells of both experimentally and naturally infected poults (Fig. 1B) . No APV antigen was detected in tissue samples from control birds.
The presence of APV in the nasal turbinates and infraorbital sinuses was confirmed using RT-PCR and VI (Table 1 ).
Discussion
The ability of IHC to detect APV correlated well with PCR and VI results ( Table 1 ). The location of APV antigens in the ciliated epithelial cells of the nasal turbinate was similar to that described in experimental and field cases of TRT virus in turkeys. 8 The distribution and staining patterns of APV antigen in the nasal turbinates and infraorbital sinuses from both experimentally and naturally infected turkeys were similar. APV antigen was detected by IHC in tissues fixed in formalin for 24-36 hours. Prolonged fixation in formalin should be avoided because it may denature the viral antigens and significantly limit detection. IHC revealed large amounts of APV antigen present in the epithelial cells of the nasal turbinates of experimentally and naturally infected poults. This finding suggests that the tissues of the nasal cavity are reliable sites for detecting the presence of APV in infected turkeys.
Because formalin-fixed tissues are used for IHC, APV infection may be identified when RT-PCR or fresh tissues are not available. The technique may also be useful in the retrospective diagnosis of APV infection, using fixed tissue specimens from turkeys and chickens for which APV infection was suspected but never proven.
